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MODULAR PROCESS CONTROL SYSTEM 
A PERSONAL COMPUTER APPROACH 


Khoan Thanh Truong, M.S. 

University of Pittsburgh, 1985 

one of the major uses of personal computers is the 
process control application to deal with a "real world" 
environment. The differences between a logic system and 
control system are isolation, power switching, level 
translation and noise immunity. In addition, it is desirable 
to have the I/O devices offer advantages such as : 


. configurability 


. expandability 


. serviceability 


. ease of maintenance 


. lower design cost 

Designing control applications can considerably 
simplify the effort to map several control functions into a 
microprocessor's architecture. However, adding multiple 
control functions to a personal computer architecture can be 
a problem. 

Invidual control functions that must be integrated into 
a more complex control environment can lose their 
inviduality as result. 

Considering the commercially available add-ons and add¬ 
ins for personal computers in control, measurement, test and 
monitoring applications, the I/O enhancements dedicate to a 


single 

I/O 

function 

only. 

This result is due 

to the fact 

that the 

I/O 

block 

for 

expansion for each 

computer is 

limited 

as 

is 

the 

difference and form of the operating 

systems 

of 

each 

invidual pe 

rsonal computer. 
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Although the majority of these products are end-user 
oriented and not designed into systems for use in control, 
the field is fast moving and sure to grow. In that light, 
these peripherals may be specifically designed to operate 
with a personal computer host in a control environment. The 
growth in control related add-ons and sophisticated software 
suggests that the use of a personal computer in a control 
environment is a reality. One obvious direction in adapting 
personal computers to data acquisition and control is to 
network them in a distributed control system. To this end, 
the popularity of personal computer is most advantageous 
since it offers tremendous flexibility to a broad spectrum 

of users in the control application industry. 

DESCRIPTORS 


DC motors 

Direct Digital Control 
I/O Driver Interface 


Modular Process Control 

Stepper Motors 

VIC-20 
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SCOPE OF THE THESIS 


This thesis is a study and implementation of a multiple 
process control system with the following key elements : 

1. Provide the basis for a cost effective 
implementation of a stand alone process control computer. 

2. Provide the configurability to an existing personal 
computer thus generalizing the application functions. 

3. Provide the expandability to the add-ons as a cost 
effective measures for multiple control applications. 

4. Provide coordination for multiple control processes 
via hardware segmentation to correspond to a modular 
software implementation. 

5. Maintain the inviduality of each process control 
element to achieve an independent process to be viewed as a 
simple control loop. 


f 
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With these goals, the complexity of a multiple process 
control system can be simplified and made very useful in a 
control environment and application. 

With the same minimum hardware possible, a VIC-20 and 
its accessories were chosen as a sample system to develop 
and to simulate the multiple process control system. The 
VIC-20 and its accessories are : 


1. VIC-20 

2. Disk drive or cassette tape ( VIC-20 compatible ) 

3. Printer ( VIC-20 compatible ) 


Besides 

the 

VIC-20 and 

its 

accessories, 

additional 

modular I/O 

of 

the system 

must 

be included 

with the 


specifications described below: 

1. D.C. motor driver ( see function description and 
interface specif ication for information - Appendix B ) 

2. Swiches, relays ( see function description and 

interface specif ication - Appendix B ) : 
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3. Stepper motor driver ( see 
interface specification for detail 


function description 
- Appendix B ) 


and 


4. Speed sensing ( 
interface specification for 


see function description 
detail - Appendix B ) 


and 


5. Input conditioning ( see 
interface specification for detail 


funtion description 
- Appendix B ) 


and 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

Selection of a particular personal computer for 
implementing modular process control must consider cost, 
compatibility and ease of use. In the low cost computer 
category, it is fairly easy to recognize the COMMODORE 64, 
VIC-20, ATARI and a number of small computers using the 
microprocessor 65XX family as their central processors. 
Whatever the selection of the personal computer in the 65xx 
family,the I/O expansion should be fairly easy to adapt to 
the host interconnection. VIC-20 is chosen for its low cost 
and simple expansion since the I/O block of the VIC-20 
already has the output signals and thus making it easy to 
map directly these I/O modules without having trouble with 
most of the commercially available software for the VIC-20. 
On the other hand, for example, COMMODORE 64 doesn't need 
memory expansion, but it does not dictate the location of 
the I/O block. Moreover, the COMMODORE uses a bank-switching 
technique to provide full 64K RAM to be used. This gives the 
available software to expand the entire range. 


commercially 
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The I/O expansion therefore, does not allow direct mapping 
without causing trouble for the user for certain choices of 
software. Atari and others also have similar problems. To a 
certain extent, the problem may not be as serious as it 
sounds. The user should be able to modify the I/O expansion 
at the connection to the host and provide a dedicated I/O 
block in his/her application. Therefore, interfacing with 
these computers will involve using the 65XX I/O peripherals 
for compatibility. 

The following sections consider the evaluation of the 
VIC-20 in control applications. 

1.2 VIC-20 AND ACCESSORIES 

The system will need the following devices to perform 
as stand alone controller : 

1. VIC-20 as the central processor for the system. 

2. Disk drive for floppy diskettes or data cassette 
recorder for cassette tape for storage. 
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3. Printer for hard copy or outstanding data logging. 

1.3 MEMORY MAP AND I/O FACILITY 

1.3.1 VIC USER MEMORY 

The VIC-20 memory map in Figure 1 gives the general 
configuration of facilities with dedicated I/O and possible 
expansion. 


USFP RAM 



f 
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1.3.2 I/O OPERATION 

The VIC-20 communicates with the user through 
peripheral devices via three integrated circuits : 

1 . 6561 VIC chip : This chip controls the video 

displays, sound generation, the peripheral devices, a light 
pen and a joystick. It is considered to have good utilities 
for operator interfacing. 

2. Two 6522 VIA : Those chips are used to perform all 

can be 
machine 

perform 

a high 
machine 

code routines. These routines perform the required function 
for each Basic command. The speed of execution from 


other I/O functions the of VIC. The I/O function 
performed via PEEK and POKE statements and from a 
language program. 

1.3.3 PROGRAM EXECUTION 

Consider the basic method used by the VIC—20 to 
I/O operations. 

First, the VIC Basic Interpreter translates 
level basic program, step by step into a series cf 
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interpretted Basic will be slow compared to compiled and 
assembled machine code and there is no mechanism for 
multitasking. 

Second, the VIC can be programmed in both Basic and 
machine code via USR and SYS. Variables can be transferred 
between a Basic program and a machine code program by using 
PEEK and POKE. This makes it possible to develop an I/O 
driver which can intercept the interrupt to perform 
multitasking via the interpreter without a separate 
development system. I/O machine code routines can be 
developed to enhance the I/O control functions. 

1.3.4 SPEED 

The speed of execution of the VIC-20 is the most 
important factor in the proposed system since it will 
restrain the system to a certain rate c~ sampling of 
operation as well as special application. A tra-e of. rr.^s^ 
be considered between fast operation and possible 
expansion. A trade off is also considered in programming 
with multitasking requirements between the dedicated I/O 
machine language routines and transfer of data to the 
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interpretive Basic. An alternative to this is an I/O kernel 
and a compiler language to speed up the extension and 
achieve multitasking. For further information, see " A 
VIC-20 COMPILER FOR CONTROL SYSTEM " which is written by 
Oanh Kim Ngoc Huynh as a Master of Science Thesis, 
UNIVERSITY OF PITTSBURGH (1985). 
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2.0 MODULAR PROCESS CONTROL 

Before beginning the design, let us consider an 
overview of the general process control function and its 
attributes. Process control involves : 

1. centralized control of multiple actions such as 
"global" decision making ability. 

2. decisions, which must be translated into actions 
such as the I/O driver's ability to perform a given task. 

3. tasks, these can be categorized in specific 
dedicated functions as execution of routines or subroutines. 

2.1 DIRECT DIGITAL CONTROL 

Using the personal computer in process contro^ can be 
seen as applying direct digital control in control 
technology. Direct digital control replaces process control 
which traditionally has proved to be pneumatic, analog and 


f 


f 
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other devices. The principal disadvantage of systems based 
on the old technology is that their components are difficult 
to adjust and require high levels of maintenance due to such 
things as wear and deterioration. 

Direct digital control on the other hand provides 
quick, accurate and consistent responses. If the adjustments 
are necessary, they can be made from the operator keyboard. 
The direct digital control also provides the following 
features which are inherent : 

- maintaining a body of knowledge about the overall 
system 

- collecting information from multiple inputs 

- implementing a built-in automation function 

- recognizing and reacting to exceptional operating 
conditions 

excecuting routines and performing overall 


supervision 
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2.1.1 SPEED CONTROL 

The direct digital control has to deal with different 
types of control applications. The most obvious one is speed 
control of a motor. The variable speed motors are most 
common in today's control applications. Whether constant 
torque control, constant speed control, acceleration, 
deceleration control or just simply variable voltage control 
during start up to avoid the motor burning out, these 
applications have one thing in common : a variable voltage 
is applied to a motor, based on that motor's condition (i.e. 
speed, torque, current) and an external control setting. 
Although there are several types of D.C. motors, only the 
most common of these requiring a single power supply are 
considered here. In many cases, the purpose of the 
controller is to maintain the speed required for process 
variations such as temperature, speed, current and load 
which is supplied to the controller in digital *.orm bv 
several techniques. The speed of the motor therefore ca.. be 
regulated via a voltage level to the driver or amplifier 
circuit. The control algorithm may be a single ^type or a 
combination of types, e.g., proportional, integra* and 
differential. Application of this type will offer 


t 


f 
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flexibility by making available inexpensive computer 
peripherals such as disk drives and printers as well as 
providing automation. 

2.1.2 DIGITAL MOTION CONTROL 

The direct digital control is also taking in digital 
motion control. The digital motion control application is 
important to process control. It is easier to control the 
characteristics of the system stability and motion by 
programming rather than by changes in analog components. 
These applications range from computer peripherals such as 
disk drives and printers to automation and robotics. 

The traditional closed loop analog servo systems are 
gradually being replaced by microstepping motors. The multi¬ 
axis control gains well founded in factory automation and 
robotics with the key elements being the position—cont ro. 
system - the stepping motor. The popularity of the stepping 
motor is steadily increasing along with its controller. The 
higher level controlers add intelligence and other features 
make modularization of a system a lot easier. Similar 
improvements in quality stepping motors thus simplify 
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digital 

motion control into 

what is evolving as 

a 

universal 

stepping 

motor controller. 

Multi-axis control 

of 

up to 8 

separate 

devices can 

be implemented 

to ■ 

provide 


synchronization in robotics. 

2.1.3 DATA ACQUISITION 

Direct digital control also involves data acquisition 
from multiple resources. Data acquisition plays an active 
role in providing the process variable inputs as well as 
status variable inputs. 

The information gathered from the process and from the 
operations is available for control strategies, condition, 
displays and reports. An important consideration for 
refining a process is the ability to grow easily as the plan 
expands or as the new applications are developed. Equally 
important is the flexibility of the system in adapting to 
changing requirements as control techniques are improved. 
The key elements of data acquisition are speed and accuracy. 
These elements can dictate the limitation on a particular 
form of process control. Additionally, the data acquisition 
module depends on the speed of the processor as well for 
systems without coprocessors. 
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2.1.4 BINARY I/O CONTROL 

Direct digital control can be as simple as binary I/O 
control. Generally, the binary I/O control is involved in 
ON/OFF control or digitally sensing a set of time or 
positional attributes. In fact, binary I/O control also is 
involved in time-proportioning control by modulation of the 
on-time of a motor in chopper driver applications. It is 
also involved in the position-proportioning control by 
performing modulation of the on-time of a bidirectional 
motor, based on the full travel time of the motor between 
two extremes. The key elements in this type of control are 
isolation and voltage level translation. 

2.2 REAL TIME CONTROL 

Process control also deals with the "real world". To 
deal with the "real world" is the function of a real time 
control systems. 

The most difficult decisions often made in dealing with 

are involved with architectural 


real time control systems 
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issues. The architecture of a system is the general scheme 
of the organization, behavior and function of a computer. In 
chosing a personal computer to perform a real time control 
application, the I/O hardware may or may not bring to 
fruition all the inherent benefits of a specific 
architecture. This is because the speed at which real time 
applications run is dependent on the design efficiency of 
the I/O implementation. 

2.2.1 TIME CONSTRAINTS 

Real time control imposes several constraints but the 
most obvious one is time. The time constraints are those 
related to the funtionality of a CPU to a device interface. 
They are both hardware and software dependent and 
characterized by a minimum of user interaction. In a closed- 
loop control application, the response time of the process 
control must be met. In motion control, application or the 
stepping rate or acceleration rate must be met. The 
evaluation of the hardware approach and tne software 
approach is required before implementing the system. 
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2.2.2 SYNCHRONIZATION 

Real time control is also involved in synchronizing 
several functions to perform an unique control function. As 
mentioned in a multi-axis robotic application, certain 
motion control must be applied synchronously to multiple 
devices. The I/O implementation of this type of the control 
must be flexible enough to allow a simple modular software 
approach to succeed. 

2.2.3 MULTITASKING 

Process control is making a global decision of the 
whole process which may consist of many tasks that are 
required to be performed in coordination wi_h each other. 
The software that directs a real time control system is 
primarily concerned with monitoring and controlling devices. 
They are for the most part much slower than the main 
processor. It is possible to respond to each device in a 
timely manner with multitasking. Perhaps the most important 
characteristics of real time software are responsiveness and 
multitasking. Moreover, the viable means for multitasking to 
succeed is the device-generated interrupts. The : system is 


even said 


to 


be interrupt-driven. 


The software now 


can 


handle many task concurrently, since in the real world, 
events generally overlap each other. Implementing a system 
cr architecture requires certain hardware involvement 
without limiting the I/O operations to the use of contiguous 
addressable I/O devices will enhance this particular 
application. 


2.3 MODULARITY 

The previous discussion defined the type of the control 
functions and its attributes. To achieve a cost-effective 
design, we must evaluate the objectives of the 
modularization. 

Considering all of the benefits of modularization is 
the evaluation of the system from the standpoint of 
flexibility in the following areas : 

- configurability 


- expandability 
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- controllability 


2.3.1 CONFIGURABILITY 


The modular structure is configurable 


a user can 


select a set of I/O modules and organize to his/her need to 
minimize the extra cost. In addition, as the application 
requires certain changes in I/O requirements, the user can 
simply reorganize the I/O modules or add more to an existina 
system with an additional module. This prevents the cost of 
re-establishing a new system. 


2.3.2 EXPANDABILITY 

The modular structure is expandable : a user can 
upgrade a system by adding more cluster ( I/O bus expansion 
modules ) to an entry system at the price of additional 
modules. The key expansion elements are the addressabi 1 ity 
and power consumption. For the VIC-20, the I/O block 
provides a range for I/O expansion. The power consumption is 
stackable since separate power requirements are met by 
separate supplies. Isolation is also provided. 
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2.3.3 CONTROLLABILITY 

This is of question implementation. The algorithms of 
digital control systems are quickly overtakihg analog 
controllers. Designers must understand that using a 
microprocessor does not solve all design problems. The 
limitations are also numerous such as finite word length, 
A/D and D/A resolution, speed and accuracy of computation. 
These deficiencies can be analyzed prior to configuring a 
system to avoid adverse effects on the stability of the 
closed-loop systems. 


2.4 PROGRAMABILITY 

In addition to lowering the cost, the design objective 
must be directed to how easy the programming phase will be. 
If the modularity has a strong basis for the hardware 
implementation of a process control system, the 
programability also has a strong basis for the user 
interface and software development. 


Let us take a look at a few requirements : 
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2.4.1 DATA LOGGING AND DISPLAY 

■the peripherals of a personal computer usually offer a 
variety of the input and output support as well as storage. 
However, many applications are required to use the large 
storage capability while the others may require a high 
resolution display. In the scope of this thesis, we can see 
that the VIC-20 provides limited expansion in terms of the 
storage and display. The evaluation of this type of control 
should be considered if large amounts of storage or high 
resolution display is needed. 

2.4.2 DATA MANIPULATION 

Generally, the I/O interface can dictate the data 
structure. Not only the resolution and accuracy, but also 
the polarity and range in which the data can be used. The 
uniqueness of each process control function of similar I/O 
device must be considered. This character ist ic is often 
confused with the software issue but in fact, it is an 


architectural requirement. 
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2.4.3 COMPUTATION 

Computability may be the broadest issue to be deal with 
in the personal computer. However, the user can not ignore 
the problem that he or she has to be able to ensure the 
accuracy of any computation. In general, the personal 
computer can not satisfy the number crunching capability of 
many highly complex functions. 
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3.0 SYSTEM OVERVIEW 


3.1 SYSTEM ARCHITECTURE 


In a modular process control application, the user 
decides the hardware configuration to the outset of the 
design. Selecting proper hardware and language to evaluate 


the performance of the 

system is 

an important problem. 

At 

this time, the user 

must pay 

special 

attention to 

the 

hardware configuration 

of the 

system 

as a whole 

for 


connecting or installing I/O interfaces. From a programming 
standpoint, the hardware segmentation corresponds to modular 
software helping the user to executing a program 
effectively. Each I/O interface serves as the fundamental 
unit used for similar functions. The processor deals with a 
segment through a consistent data structure which simplifies 
the software writing for dissimilar routines. 
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In ‘ ig ^ re 2 ' the h ardware configuration is viewed in 
the following way : 


1. Central controller (VIC-20) 


2. Storage (COMMODORE 1541 FDC) 


3. I/O Devices 


a. Swiches and relays : These devices provide a means 
of indicating a limit, position of a device, sensing a 
external condition as well as turning ON/OFF external 
devices that must be operated at higher voltages or 
currents. They provide necessary noise immunity to the 
personal computer via voltage isolation. 

b. Stepper motors : These devices are used to position 
a mechanical instrument or a pneumatic device. A pair of 
two motors may be interpreted as X-Y positioning device. 
Multiple sets of stepper motors can be used to achieve a 
complex motion. These devices can be mechanically indexed to 
provide a simple zeroing motion or to restore the original 


28 


position of the system, 
these features. 


Direction is also used to enhance 


c. D.C. motors : In speed control applications, these 
devices can be configured as a closed-loop with some number 
of bits resolution. The actual speed can be set to certain 
value. The motor can be turned ON/OFF at the user command. 
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3.2 MODULAR APPROACH 


Providing the basis for a cost effective implementation 
of a process control system is to provide maximum 
flexibility via modularization. However, the modularity can 
be perceived in many different ways. 


In one case, the dedicated I/O processor can be 
networked to a host as in say a distributed control system. 
In another case, the add-on I/O interface to an existing 
processor can broaden the range of a stand alone controller. 
This thesis proposes the add-on I/O interface as a short 
range solution by adapting the personal computer to be a 
configurable I/O processor and further suggests that this 
I/O processor can be networked in the distributed control 
system as well. The modular approach can be interpreted as 
an hardware implementation of a configurable I/O interface 
structure to convert a personal computer into a single I/O 


processor 
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3.2.1 BUS STRUCTURE 

-he I/O expansion from the existing architecture of a 
personal computer will involve examining the memory map and 
the bus structure. The VIC-20 and similar 65XX-based 
personal computers use memory mapped I/O. The standard 
interfaces usually are 652X series which directly connect to 
the data bus, address bus, control lines. The I/O expansion 
for a 65XX-based personal computer simply means attaching 
the 652X to this bus. The addressable range of this device 
can be seen as a decoding problem. As for the VIC-20, the 
I/O expansion ranges from $9800 to $9FFF which can provide 
the expansion up to 64 of the 652X-type devices. Breaking 64 
devices into 8 sets of 8 is essentially providing an I/O bus 
to accommodate the connecting facility. In order for a full 
expansion to be realized, each cluster ( I/O bus expansion 
module ) must be capable of supporting itself via 
paralleling the power supply. In addition, the I/O buses 


must be buffered. 
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3.2.2 FUNCTION PARTITIONING 

As mentioned earlier, the modular expansion can be 
centered around a cluster of the 8 I/O interfaces. Eight 
6522's can provide 8 different I/O interfaces modules. 
Typically, this could be the binary inputs, binary outputs, 
analog inputs, analog outputs or the combination of any two 
dependent on the application. The connection of these 
interface modules is by means of I/O buses. 

3.2.3 ADDRESSABILITY 

For programming convenience, the 8 clusters can be 
programmed hardwarewise via mini-jumpers thus providing the 
user the ability to select an I/O block for I/O expansion 
while attaching the personal computer to other add-ons. The 
addressability also provides the convenience for different 


personal computers to connect to the I/O interfaces. 
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3.3 I/O APPROACH 


Consider a process control of DC voltages as an 
application which requires a mixture of these devices 
including those involving AC voltage. 

3.3.1 DC AND AC PARAMETERS 

The input and output voltages of the external devices 
are often the most critical parameters. Providing a good 
range of variation in terms of the input and output voltages 
requires the selection of component. The interface 
specification in Appendix B provides the user with the most 
often needed information. 


3.3.2 VOLTAGE ISOLATION 


Noise immunity requires good grounding, decoupling and 
voltage isolation. Since I/O devices are generally 
operating at high voltage which may cause large transients 
to disrupt the control operation. The user must follow the 
interface specification to select the proper interface 
module. 
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3.4 SOFTWARE APPROACH 

The task of providing the relationships between the 
various system components falls into the category of writing 
the software. Before actually beginning to develop software, 
we will define certain guidelines which can be used to 
organize and simplify the tasks. 

First, consider the environment under which the program 
will operate. Essentially, there are two choices : 

1. Consider the entire process as a sequence of 
separate operations ( i.e. single process). 

2. Consider entire process as a set of concurrent 
operations (i.e. multitasking process). 

Second, consider the language which will be used to 
actually define the required operation. The use of the 
language will affect the environment as well as speed of the 
operations. There are several choices : 
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1 * * v - ac hine language - which probably is the most 
flexible and fast but the most difficult to use 

2. Interpreted language - which may pose a problem for 
multitasking and speed 

3. Compiled language - which may not be available with 
the I/O kernel to perform the I/O function since it is 
machine dependent. 

Third, the software implementation can begin as soon as 
we have broken our control functions into independent 
"tasks". Then we can handle each separately or have it 
communicate or be interlocked with another. With this in 
mind, we can begin the task of actually generating the code 
which will complete our applications and provide an 
operating system. 
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4.0 IMPLEMENTATION 

4.1 INTERFACES MODULES 

Modular structure can be implemented in the simple form 
of a bus structure. The VIC-20 expansion port provides 
access to the data bus, address bus and control signals. 
However, the VIC-20 can not support full bus expansion. The 
I/O bus expansion is derived from the VIC-20 expansion with 
its external power supply, fully buffered bus and 
addressable I/O interface. 

Figure 4 shows the memory expansion module. The module 
provides up to 24 k of RAM memory and 8 K of EPROM to be 
expanded. It also provides the facility as a back plane for 
I/O buses. 

Figure 5 shows the detail of the I/O bus. The I/O bus 
configured as a back plane for 8 I/O interface meddles 




Figure 4 : MEMORY EXPANSION MODULE 













Figure 5 


I/O BUS SPECIFICATIONS 
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4.1.1 UNIVERSAL INTERFACE MODULES 

The universal interface module consists of a 6522-VIA, 
eight opto-isolated AC or DC inputs and eight relay outputs. 
In addition, there are two opto-isolated inputs and two 1- 
shot opto isolated outputs for handshaking and timing 
control. The 6522-VIA enable can be selected using hard 
wires or minijumpers to the eight available inputs. Port A 
is configured as an input, and port B can be configured as 
an output. The two opto-isolated outputs can be controlled 
via the two 16-bit programmable counter/timer in the 
VIA-6522 which can reduce and simplify the real-time program 
required to control external equipment. 

Figure 6 shows the detail of the interface circuit. The 
interface is intended for an ON/OFF control application. 
However, time—proportioning or pos i t ion—propor t ioning 
control can be also applied. 

The eight opto-isolated AC or DC inputs have a wide 
range of voltage and current inputs which will allow a large 
number of control applications such as temperature control, 
AC line detection, switch closure detection, etc. 
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The eight outputs have the capacity to switch a large 
AC or DC voltage and current which can be used to control a 
medium size motor and a variety of appliances. These relays 
are protected with slow blow fuses and transorbs for an 
inductive load. 


For programming detail, please refer to Appendix A. 


4.1.2 STEPPING MOTOR CONTROL INTERFACES (OUTPUTS) 


The interface consists of a 6522-VIA, 16 opto-isolated 
outputs, one 1-shot opto-isolated output, eight two-input 
NAND gates, one inverter and discretes. Both port A and 
port B on the VIA are configured as outputs to provide 
direction control on port A and step control on port B. The 
opto-isolated outputs from port B are gated with the 1-shot 
output to produce 8 step control outputs. This arrangement 
allows synchronization of up to 8 stepping motors to form 
complex motion control with simple control by sc^^wa.e. 
The 1-shot output timing can be adjusted to the timing 
requirement of the stepping motor driver. .r.is interface 
alone will be sufficient to control the stepping' motor. In 



typical input on port 



RELAY 
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(Stepping motor control interface input), they will provide 
facilities for simple software control such as selectable 
stepping rate, restoration of the complex motion control to 
initial position, etc. 

Figure 7 shows the detail of the circuit. For the 
program detail, please see Appendix A . 

4.1.3 STEPPING MOTOR INTERFACE CIRCUIT (INPUTS) 

The interface consists of a 6522-VIA, sixteen opto- 

isolated inputs. In addition, four opto-isolated inputs are 
provided to enhance the I/O function with two 16-bit timers. 
The circuit is intended to be used with the circuit 

described in section 4.1.2 (Stepping Motor Control Interface 
Circuit - outputs -) to provide the status of the 8 stepping 
motors with different stepping rate requirements. However, 
the interface can be used as the DC low voltage binary 

inputs such as switch closures, position sensing, etu. 

Figure 8 shows the detail of the circuit, 

programming detail, please see Appendix A. 


For 
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4.1.4 DC MOTOR CONTROL INTERFACE { OUTPUTS ) 

The interface consists of a 6522-VIA, sixteen opto- 
isolated outputs, one 1-shot output, eight ADD558 Digital to 
Analog converters, two LM324 OpAmps and discretes. The 
function of the interface is to provide eight programmable 
voltage to eight DC motor drivers. In addition, it provides 
eight pulsed outputs to outputs eight different motors and a 
MOTOR ON signal. This arrangement allows the control of from 
one to eight DC motors at a time. This simplifies the 
control software and also achieves synchronization. The 
circuit provides a programmable range for voltage outputs 
from 0 to 127, but they can be adjusted invidually to the 
need of each motor driver. This adds more flexibility to the 
control of the different motors at different speed ranges. 
The voltage outputs are dependent on the external supply up 
to 30 VDC. This allows the user to select the motor and the 
power supply which is required. 

Figure 9 shows the detail of the circuit. For 
programming, please see Appendix A. 



Figure 9 : 


DC MOTOR CONTROL 


:E (OUTPUTS) 
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4.1.5 ANALOG INPUT INTERFACE 

The interface consists of a 6522-VIA, eight opto- 
iso^ated inputs, nine opto-isolated outputs, one inverter, 
one 16 channels Analog to Voltage converter DAS-952R, logic 
circuit, and discretes. 

The interface function is to provide 16 channels of 
Analog input with 8-bits of resolution. Port A is configured 
as an input and port B configured as an output. Although 
only the 4 lower bits on port B are used to select the 
channel, other bits serve as binary output to the user for 
extra control functions. The operation of the Analog to 
Digital converter dictates the programming of the interface 
via its timing constraint. For each channel to be read, 
there is a sequence of command that must be performed 
sequentially. First, the output to the lower 4 bits on port 
B will select the channel and start the conversion. The 
pulse output to the STC input causes the DAS-952R to select 
the analog input and perform the conversion. Typicaly, the 
conversion will take place in about 1.2 msec. As soon as the 
data are available to be read, the signal EOC will trigger 
the 1-shot to create an output enable signal to the 
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DAS 952R. This signal also latches the output data onto port 
A. The data is now ready to be read from the computer. With 
a conversion rate of the DAS-952R, the computer can perform 
up to 10 conversions per second. 

See Figure 10 for the detail of the circuit. For 
programming detail, please see Appendix A. 

Figure 11 shows the timing requirement of the DAS-952R 

4.2 DRIVER MODULES 


4.2.1 STEPPER DRIVER 

There are two different types of stepping motors which 
require different drives. There are also several drive 
methods such as full-wave, half-wave, etc. However, the 
@ f f j_ 0 j_ 0 fjQy of each drive is also dependent on the motor 
selection. The basis of this modular I/O design is to 
provide adjustability to the circuit to help the user 
establish some design goal. 
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Figure 10 : ANALOG INPUT INTERFACE CIRCUIT 
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4.2.1.1 BIPOLAR STEPPING MOTOR DRIVER 

Figure 12 shows a bipolar 2-phase stepper motor drive 
circuit. Utilizing two UDN-2952W devices, one 4202A 
translator/driver, associated logic and discretes. 

Figure 13 shows the driving and the resultant wave 
forms. The maximum step rate is 1000 step/sec. 

The step of the motor is controlled by the step input 
of the UCN-4202A device. On the rising edge of this 
waveform, the UCN-4202A sequences its output drivers which 
are then decoded via two NAND gates to provide 2-phase 
inputs to the UDN-2952W devices. The direction functions are 
controlled by a single pin in the UCN4202A device. A 1-shot 
connected to the ENABLE pins of the UDN-2952W device 
provides a dead time to limit crossover currents when coil 
phases are reversed. This circuit provides 36 volts, 2 amps, 

2 phase bipolar drive, thermal and overcurrent protection 
with a minimum number of components. 



I NDEX 
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4.2.1.2 UNIPOLAR STEPPING MOTOR DRIVER 

Figure 14 shows an unipolar 4 phases stepper motor 
drive circuit utilizing one 4202A translator/driver, a 
voltage comparator LM339, and associated discretes. 

Figure 15 shows the driving and resulting waveforms. 
The maximum step rate is 1000 step/sec. 


The speed of the motor is controlled by the step input 
of the UCN 4202A device. On the rising edge of the 
waveform, the UCN 4202A sequences its output drivers which 
turn on one phase at a time. The direction function is 
controlled by a single pin on the UCN 4202A device. The RC 
constant provides a dead time in order to limit crossover 
current when coil phases are turned on. The LM 339 is acting 
as an oscilator circuit which is also sensing the drive 
current and then modulating the on time to regulate the 
necessary current to the driver. 









tep rate 




DRIVING AND RESULTING WAVE FORMS 
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4.2.2 D.C. MOTOR DRIVER 

ihe driver is especially designed for a permanent 
magnet motor with a maximum voltage requirement of 30 VDC. 
The DC motor driver performs a number of functions : 

1. Turn the motor ON/OFF 

2. Regulate the motor speed by providing a steady 
voltage at the motor armature 

3. Detect the overcurrent or motor lock 

4. Provide dynamic breaking to stop the motor quickly 

First, the motor ON/OFF is controlled via the MOTOR ON 
signal as shown in the configuration with the strobe signal 
which is connected to one of 8 select lines. At the rising 
edge of the strobe, the MOTOR ON signal will be latched, Q 
of the flip flop will turn the transistor Q1 off. This 
action will produce a positive voltage at the + input of the 
op-amp. The op-amp in turn turns the transistor Q2 on. Thus 
current is allowed to flow to the motor. The voltage at the 
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input of the op-amp is always higher than the voltage at 
the - input in ON condition. if the motor is being turned 
OFF, the transistor Q1 will hold the + input to the op-amp 

below the - input to stop the current to flow into the 
motor. 

Second, the motor speed is controlled by a programmed 
voltage source to the Vspeed input. The higher the input 
voltage, the higher the motor voltage. Since the motor speed 
is essentially directly proportional to this voltage, the 
increasing or decreasing of the Vspeed voltage, thus 
increases or decreases the motor speed. The speed is also 
regulated against torque variations by sensing the current 
in the armature. This current is directly proportional to 
the load. 

Third, in the event that the load is increasingly heavy 
for the motor, the current sensing resistor will produce a 
voltage which is larger than the preset voltage. If this 
voltage is maintained larger than the set point for more 
than the preset time (RC contants) the motor is said to be 
jammed. This will produce the motorjam signal to the 
processor to stop the motor to prevent burn out. 
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Fourth, the motor can stop quickly by turning the 
transistor Q2 on. This action will allow the back emf 
voltage to be by passed to the DCM-terminal. This module is 
especially designed to be used with the DC motor interface 
module. However, it can be used in manual operation. The 
potentiometer RP1 provides the calibration of the motor 
speed versus Vspeed voltage. 

Figure 16 shows the detail of the circuit. The device 
interface and the application are provided in Appendix B. 

4.2.3 ANALOG CONDITIONING 

The circuit is intended to provide scaling to an input 
voltage at a larger range than the reference voltage to the 
Analog to Digital conversion interface. In addition, it 
provides noise reduction capability to the system. The input 
voltage ranging from 0- to 30 VDC can be scaled down below 
the 5 DVC range with the potentiometer RP1. Since 5 VDC is 
the maximum voltage to the Analog to Digital in erface, the 
calibration is often needed to set the maximum input voltage 
to get the full range by adjusting RP1 to get the scale 


factor. 
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For example, an input voltage from 0 to 30 VDC will be 
scaled to 0 to 5 VDC with scale factor 0.167. There is often 
an error of 5% introduced here. The user should be aware of 
this fact if precision is a concern. 

Figure 17 shows the detail of the circuit. The 

interface detail is in Appendix 3. 

4.2.4 SPEED SENSING AND FREQUENCY TO VOLTAGE CONVERTER 

The circuit in this module provides a means to sense 

the speed of a motor with a large frequency range. The input 

to the circuit could be an output from a phototransistor or 

a hall effect sensor. It may have a sine wave with a 

frequency which is proportional to the motor speed. The 

* 

circuit has two main parts. The first is the speed sensing 
which is involved in detecting the peaks of the waveform and 
then establishing the threshold dynamically to detect the 
frequency and reject the high frequency noises. The second 
portion is the frequency to voltage conversion. The circuit 
is based on the LM 331 Frequency to Voltage conversion. The 
adjusting RP1 will set up maximum frequency to 5 VDC output. 
The proper scaling from the frequency to voltage can be done 
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by setting the minimum of the frequency and adjusting 
get 0 VDC output. 

Figure 18 shows the detail of the circuit 
interface detail is in Appendix B. 


RP2 to 


The 
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SWITCH ON INTERFACE MODULE 
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6.0 CONCLUSION 


*he modular design has greatly simplified the design of 
the data acquisition process control system by reducing the 
hardware complexity and by providing the inherently flexible 
software implementation. The modular design permits several 
distinct process functions, each with distinct processing 
time requirements into one control unit thus allowing a 
broad range of application and adaptability. 


The modular approach a process control system can be 
realized from a low cost personal computer. It is obvious 
that the approach will have certain value to industry as 
well as in the laboratory. The interface circuit design as 
en example of the approach is seen to have faced some 
limitation in terms of complexity and lack of inviduality. 
However, the depth of these limitations is unpredictable. 
The drawback for these driver modules is the lack of 
generality. However, even with special hardware and 
dedicated equipment, such generality may not even exist. 
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As far as the implementation is concerned, the personal 
computer approach brings the convenience to the user 
particular with the popularity of the personal computer. The 
utility of the personal computer makes a perfect tool that 


is user 

friendly 

and 

easy to access. 

An abundance 

of 

control 

software 

and 

graphic capability 

will keep 

the 

personal 

computer 

to 

user interface at 

the touch of 

a 


button, a touch screen, a mouse or a joystick. These 
facilities are not likely to be as so easy with a dedicated 
process controller. The network software and linking 
capacity will allow the personal computer to be supervised 
from a mini or a main frame. It can also be able to share 
the resources, the data and the status from one to another 
thus making distributed control one step easier. 


APPENDIX A 
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[j\] ANALOG 
Ikli DEVICES 

FEATURES 
Complete 8-Bit DAC 
Voltage Output — 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1ji$ Voltage Settling to ±1/2LSB 
Low Power: 75mW 
No User Trims 

Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T^,, 

Small 16 Pin DIP Package 

Single Laser Wafer-Trimmed Chip for Hybrids 

Low Cost: $7.50 (100+, AD558JD) 


DACP0RT T 1 
Low Cost Complete 
/xP-Compatible 8-Bit DAC 



PRODUCT DESCRIPTION 

The AD558 DACPOKT is a complete voltage-output 8-bit 
digital-to analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip N'o external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 



The performance and versatility of the DACPOKT is a result of 
several recently-developed monolithic bipolar technologies 
The complete microprocessor interface and control logic is 
amplemrntcd with integrated injection logic (I^L), an extreme¬ 
ly dense and low-power logic structure that is process-compat¬ 
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patcntedjdw-voltage band-gap circuit 
which permits full-accuracy performance on a single *5\ to 
+ 15 V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guarantcedmonotonic op¬ 
eration over the entire operating temperaturg range (all grades), 
while recent advances in laser-wafer-trimming of these thin- 
film resistors permit absolute calibration at the factor) to 
within ± 1LSB, thus no user-trims for gain or offset are re¬ 
quired. A new circuit design provides voltage settling to 
11/2LSB for a full-scale step in 800ns. 


The AD558 is available in four performance grades. The 
AD558J and K are specified for use over the 0 to +70 C tern 
peraturc ranve, while the AD558S and T grades are speci¬ 
fied for -SVC to +125°C operation. The hermetically- 
sealed ceramic package is standard. Processing to Ml L-STD- 
883, Class B is optional on S and T grades. 

Figure A-l: 


ANALOG DEVICE : AD558 
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[L Data Acquisition System 
1(1 DAS-952R 


FEATURES 

• 16 Single Ended Channels 

• 8 Bits Resolution 

• Monolithic CMOS Construction 

• Three-Stale Outputs 

e Ratiometric Operation 

e Low Cost 

GENERAL DESCRIPTION 

Tne DAS- 952 R'Sa S'ngie chip i 6 channe; 
H pit data acQuisoon system Monolithic 
CMOS technology a'lows a '6 cnanne 
multiplexer 8 bit successve approximation 
A/D converter and microprocessor- 
compatible control logic to be fabricated on 
a smgie chip and contained in a compact 
Duat-m-Lme paexage 
the design ot this system emphasises high 
accuracy excellent repeatability low 
po/ye' consumption and a minimum ot 
ad ustmenis tno fun scale or sero ad|ust 
rr.ent reguuedi Latched and decoded 
add'ess inputs and latched TTLthree state 
outputs allow easy interlacing to micro¬ 
processors 


* ' • input mull piexe' allows 'anqoTi 

> - t It any one Of ;6 Singe »*C~C 

1 - a -5 r-p jt r/a-inerS a'd pr ...Cfi 
ni-cpssary logic to' additional channe 
<;>taf'SiOn Connection ot the multiplexer 

• /tout to tne converter input is bv e«tema 

.."rro' thus Derm.tting eas> s-gna 

CC/nd coning suCh as ynpul.r j-,oi- tinea' - 
/■>: ' • ’ me use ot a sampie ano hpio 

7, < d bit AD conve'ier uses a 256R adde* 
net work successive approximation register 
a'c a cnopper-s’abiiizec comparator to 
implement me successive approximation 
cor ve'SiO r technique with a s w tchmg t'ee 
. .H o' 255R ladder network ensures 
•• .nctonici’y while me chopper stabii.^er 
./mpa-ato' makes me converter n,gh y 
resistant to mermai effects and long term 
drift m rat'Omeiric conversion, the converter 
expresses the analog value being measured 
as a percentage of reference input Full 
scale range may be selected within limits to 
ad js* tfe sensitivity o* the convener to the 
aes 'rd application or to refer the outpu* to a 
secondary standard 

Accuracy speed flexibility excellent 
performance over a wide temperature 
range <-25*C to ■►85°C) and low cost 
mare tne DAS-9S2R an easy and practice' 
answer to many data acquisition needs 






Figure A-2 


DATA INTERSIL : DAS-952 R 
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PACKARD 


DUAL TTL 
COMPATIBLE 
OPTOCOUPLER 


HCPl-2330 


-3 


m 


Features 

a HIGH DENSITY PACKAGING 

• LSTTL/TTL COMPATIBLE: 5V SUPPLY 

• ULTRA HIGH SPEED 

• LOW INPUT CURRENT REOUIRED 

• HIGH COMMON MODE REJECTION 

a GUARANTEED PERFORMANCE OVER 
TEMPERATURE 

t RECOGNIZED UNDER THE COMPONENT 
PROGRAM OP UNDERWRITERS 
LABORATORIES. INC. (FILE NO. E553S1) 

. DIELECTRIC WITHSTAND TESTED AT 2SOO Vac 
FOR A WORKING VOLTAGE OF 220 Vac 

Description/Applications 

Tre HCPl TOW Coni.HI of I pair 0* inverting optically coup'cd 
Ijtes tnh with a GaAsP photon •milting dioda and a unn,ui 
riegrated dr-jKtof The photons re collected in the drtector 
fry a pholodioda «nd then impMinJ Ly t high pain line*’ amp 
the that drives a Schottky clamped open collector output 
*jnvfo». Each circuit is temperature, current and voltage com- 
proetrd •* 

Thil unique dual coupler design provides mjiimum DC and AC 
circuit isolation between each input and output wh il# achieving 
bSTTL/TTL circuit compabiMy. Tht coupler cpe'atonal 
parameters art guaranteed from 0*C to 70*C. such that a nrnn* 
ynum mpul current of 5 mA m each channel will link an eght 
p:a fan-out (13 mA| at the output with 5 volt V^c applied to 
(Jetrctor. Thil isolation and coupling n achieved with a 
typical propagation delay of 45 ruac. 

T)» HCPL 2G30 can be used in high speed digital inteifaca ap 
ffri tow wharf common mode signe's must be rejected such 

• for a line receiver and digital prog-amming of floating power 
espies, motors, are! other machine contiol systems. The el*- 
nfJtion of ground loops can t* atcomplidu-d between system 
ritarfacei Such as between a computer and a peripheral mem- 
Xi. pmter, controller, etc. 

Tte open collector output provides capability for bussing, 
eob.nj and "WIRCD-OR" connection. In all app' cat'Ons. the 
Cull channel configuration allows for high density packag'ng. 
roused convtnience and mo'f usable beard space 
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Recommended Operating 
Conditions 



Irm 

su 

IW 

Ihum 

Input Cun am. lo» bevel 
Tech Channel 

•PL 

0 

J» 

b* 

Incxit Currenb Lever 

f ach Channel 

•fM 

13* 

IB 

*\A 

Surohr Vortwje Output 

vcc 

41 

11 

V 

f an Out (TTL lowdl 
f ac> Channel 

N 


• 


Ourrmf Temperature 

Ta 

0 

70 



Absolute Maximum Ratings 

(No derating required up to 70*0 

Srorage Temperatura . -6S*C to «12S*C 

Operating Temperature . O'C to e?0*C 

Lead Solder Temperature.200*C lor 10s 

„ . , 0 6mm below seating plane! 

Peak Forward Input | 

Current feach channel) .30mA « 1 msec Duration)! 

Average Forward Input Currant (each channel). ISmA 

Reverse Input Voltage (each channel). £V 

Supply Voltage - V cc . 7V (1 M.nute Mj.imuml 

Output Cu'renl . | 0 (e 4C h channel). 1C mA 

Output Voltage - Vo (each channel) .. 7v 

Output Collector Power O’Ss patKjn . 60 mW 

*6 3m* nv< i«" pwmiti iwii J0\ Cf B e^vkiior aue-auuwd 
tnliul iw.icfi.ng m.tt^cia ■■ X o> tou. 


HEWLETT PACKARD : HPCL-2630 
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HEWLETT 

PACKARD 


AC/DC TO LOGIC 
INTERFACE 
OPTOCOUPLER 


HCPL-3700 


SCHEMATIC 


*Cf 




Features 


Applications 


• AC OR DC INPUT 

• PROGRAMMABLE SENSE VOLTAGE 

• HYSTERESIS 

• LOGIC COMPATIBLE OUTPUT 

• SMALL SIZE' STANDARD fl PIN DIP 

• THRESHOLDS GUARANTEED OVER 

temperature 

• THRESHOLDS INDEPENDENT OF 
LED DEGRADATION 

• DIELECTRIC WITHSTAND TESTED AT 2500 
Vac FOR A WORKING VOLTAGE OF 220 Vac 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES. INC. (FILE NO. E55361) 

Description 

The HCPL 3700 is a noHage/cuf'enl threshold detection 
jopiocoupier This cptoeoupier uses an internal Light 
^Emitting Diode 'LED . a threshold sensing input buf'e' 1C 
and a high gain photon detector to provide an optocoupier 
which permits adjustable e*lernjl thiesho'd tenets Th# 
input bu'ler circu-t has a nominal lu'n on threshold of 
2 5 mA ||h- and 3 8 *otts Vim. The addition ot one o» 
rno»# eelernat attenuation reSiStO'S peim.ts the use O* this 
ee»>ce Over a w.de range O* mp u l no'tages and Currents 
Threshold sensing prior 13 the IE Cane OclcctO' elements 
minimizes eticcts o* dHt'eni optical gam and LEO 
ranations oner operating tile CTR degradation Hystere¬ 
sis is also promded m the butter tor cit»a noise immunity 
»nd smutching stability 


• LIMIT SWITCH SENSING 

• LOW VOLTAGE DETECTOR 

• 5V-240V AC/OC VOLTAGE SENSING 

• RELAY CONTACT MONITOR 

• RELAY COIL VOLTAGE MONITOR 

• CURRENT SENSING 

• MICROPROCESSOR INTERFACING 





The butter c'»cu-l is designed win internal ciamp, ngj 
d'Odes to protect the circuitry and LED from a w.de range 
of onef-nottage and c»er-cw"ent tiansents while the 
d-ode bndge enables easy use wifh ac nonage input 

The high gam output stage features an open collector' 
Output promdmg both TTl compatible saturation no'lages 

and CMOS compatible breakdown nonages 

« 

The hCRl- 3700 by combining se»e>ai unique functions 
m a smg'e package promoes me user with an >ocai 
Component tor industrial control computer input boards 
and other applications where a pit-de'eiminf d input 
threshold optocoupier le.ei •» dcsuaD'e 


Figure A-4 


HEWLETT PACKARD : HPCL-3700 










y-y. U-iional 
&L Ssmiconductor 


o'tage Comparators 


LF111/LF211/LF311 Voltage Comparators 

General Description 

Th* if mi. ir?M *f>a iron •>* f£T «oti)jr 

C©rnp*r j:o»l thjt vrtufMy flim.njtf input Cu'tfnt r»»OM 

Dn-g^d to opr>*u o»*< * 5 Ov to MSv uTgr th* 

IHM tin I* Ulfd IK th* mot' cnl'C»l «ppliCJtiont 

Th* ft. em*ly too input Cu>«f>tl ot |h» If 111 lllnwi 
«h* ul* of i nnpi* conpj'tiot in irpi.CJI'On ui u jll, 
requiting input Curtml ttu'frnng Irikpg* In I mg long 
tin* dfl»y Circuit!, ch*ig» n*r.u'fn«nli. end h.gh 
tOj'C* imprdintt »olt*g* COmpefiion »’t Mv'y dO'>e 

Connection Diagram 





Ode N.nbi LtltlH llllt" 
O' l» JtIH 

to s: f« ii* "oec 


f ui thei, th* l f 111 c *n be uird in pijc* of th* LM 1! t 
*l.rr,« 4 t,ng *mo-» dut to input Currtntt Sc* th« "«ppl. 
c*!‘on h.nti of th* IM3U <o* ippl'Cetion help 

Advantages 

• fl iTii .JItl Ii'pv,! Culirtl C'O't 

• lrttr>ch*np 4b> with l M 1 I I 

• No need *0> mput Currrnt buttering 



Figure A-5 


NATIONAL SEMICONDUCTOR : LF311 
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v /y~ PJational 
< 3 ZJ Semiconductor 


Operational Amplifiers/Buffers 


LTv' 12 '/LM 224 /LM 324 , LM 124 A/LM 224 A/LM 324 A, LM 2902 
Low Power Quad Operational Amplifiers 


General Description 


Thj l*.flJ 4 »n.e» (cih'i o' *r>vf •< dtitt o»*> i. r> qr 

Jj.n, inlrifUtly fitQuenty Cumi*irtJiid opru'ip Jl *m 
pi * n» rtf, ch *yf « df cd lo ••O'" 

« vngif pi,v*f UPI ly 0»f 4 rt rie r*nj» of »0 !</ 4 
Cl^'JtOO from IpM pp«ve> tuppiif •» •'»•} (K'vVi 4 r) 
fir lov* p«jrtr‘ tupp'y d' 4 'n rt mrt-p*nWot o' |ii» 

r>j'ji'ilur*t of ih» pcrtf io|*p>« »oi '*f 

App'.c*fiO»i *i»»t irttlorf” diulucn A*H>M rn di g^.n 
b'lXki *<x) «H IP/ loirtf'luwil cp 4" p (muitt rth.ch 
rort fio b« moif fivly imp'»mnitrd in img'e p^*ci 
Uipply lyjlemj fo> ewmplr. the IM 1 J 4 WO ■ l*’ 

rlii,'Ltly t,i>tii*eil off of fhr sl*>i<ii'tt *S Vpj ptAri 

Si.;i(>ly *oftj j- ** 11*1 rt iri'tl ,n P. 4 , 1*1 t/.lf'rrt *,,it rtiil 
r *4 ly p'Oai.lr the l(i|iiiin! mtnf*te n lliAul 

irt)i>i|<ng (he addition*! MS Vjx; portti lopphe* 


Unique Characteristics 

• In (tif l.n» jf mrmlt F»*f •» J* *t c«»r»n'ir» mn*w- »• 

rjniji «n(tif<9*\ tiro n*» - •! nulput •• •'t j r • i'wi 
l«viriQ fn nr i t*io**|*’ *»<• '» 4 

(HiAn v*l 1 *'jr 

• u"lt\r Qi'O tfrijur'M’y 'I t» o • «lu»r 

(v^i|**n^4irr| 

• Thf if i Hi I hn (uuhiI '\ *l%o |,im,» '.•'.•fr 

Coniimutrtl 


Advantages 

• £i niAim nerd fo* dual tuppiiei 

■ fooi .rtfoitiy compemeird op #mp» ,n t 4 ,n g i f 

pi(Wgr 

• AHonrt d "Cfly tenpng n-si GNO and V 0wT iho 
gne» to GND 

• Compel tile with *11 foimi o* togc 

• Porta* d»»iO Slidable foi Littery opc'ii'On 

Features 

■ Inf-in* ty y CO*T>j*nvj?«rt Iq* u »„f v qj n 

• Iim; i'C i.»l*i|r‘(p.n 100 t 0 

• \V»tlr f**n<h (uO.Tf g*nl | MM/ 

• IVhIp fX'*** 1 v««|>pfy •SfMjr 

Sii'.jie wntily 3 V oc to 30 

ii* if.iii »opn»i« ! 1 5 to • IS 

• Vfy Imv bip.rty Cullen! Ilirf.ri t8"XX,A) ntmlully 
ifciiip-iilfiit of »iiin><i roll.V|r (1 mW.oti imp jt 

•4 v ric l 

• Ifhv ift,iji lN 4 t ng(uM(n( 45nA yC 

• ln«% i«>|hiI *oltdf 7 mV^- 

i*mIuMv I «»<f>yAV S»*A oc 

• 1 ''(Mil f »**»m#*n rrtr>|f »o*t ip f# wjh in(tu*lr 1 Q’OunU 

• f)*M.iini 4 rottijc r*|o 41 lo lh< pc«vff 

• Iji |r litft|iut %r>lt<jr 


0V DC toV - I S V oc 


Connection Diagram 

Ovll In l *«rt it* 


Schematic Diagram tc»ch Ampi.i,,,) 



Oidei NomLci IWtJIJ 
imjjiaj. i 

IM324AJ pi lWn42J 
Set NS Pickeje J 14 A 

O'dti Numpei l M 3 ? 4 N. IM 324 AN 
oi lm;9o;n 



Figure A-6: NATIONAL SEMICONDUCTOR : LM324 




• v ' Ksnona 

Semiconductor 


LM 131 A/LM 131 , LM 231 A,'Lr.', 231 , LM 331 A/Lr.: 33 l 
Precision Vollage-to-Frequency Converters 


Genera! Description 


Th, IMI31/LM731/LM331 r*m,l r 0 i toUtyt to 

Irrqjf nty conveeien rt tattllf tu ted lot uu in pmpi* 

low-coit CHCuitl fo* *n*Jog to d g.t*l converpon. 
P'eeit'O" ti»5u»nrr to iOMiji conv*rt>o n , longterm 
mtrgrifon. liner fieguency moduUtion O' dcmodu 
••t’On. *nd m»ny other function* Th* Output when uwd 
»* < »Oltljr to 1'tQvtncy COnvt'tCr It t Pull* tl».n *t ( 
freguency P'*C>l*ltr piopoMion*! to th* tppfwd input 
voitrj* Thul. it p>ov>dct »tl th* inherent edv.nttget of 
th* volt.gr to Ireg»nct convention tfchn.quei »nd ,| 
»»l» 10 «pp»y in *11 ttend.d yolt.gr to l'*Qurncy 
convert*' »Ppl'C*tioni TuMh*r th* tWtjtA/LM23IA/ 
LM331A eite.nt * ne* hi^ t»v*i of *ccui*cy nitut 
lempri«tui« which could only be «tl*ined with 
(Ipeni ve *olt*ge to f'»gu«ncy module!. Add ton*ll* 
|h* LM131 H idetlly tu'ted fo* ut* *n d.gt»l tyitrmi *1 
•o» power tuppiy yoltegei *nd e*n p ovd* lowed 
•ne'o® to-d j't* 1 convt'l'on m miC'OP<ocruo<-Controlled 
lyltemt And, th* Iregurncy from * bjtteiy powered 
vo't.gr to fiequenty conveitei C*n be ryv'y channeled 
Ih-ou/i * timiUe photo*io'<toi to piovidr iio'*i'on 
*g*>nit high common mode kveli 


th* Qu'Ck e»tponi« nrceit.'y (or JOOkMj *01**9* to 
li.Ou.nrv con.„„or, Ana th, output „ 
dr-vm, 3 TTL led! or • high r©U*gr output up , 0 
•uv. vet It thoet d'Cu't proof «*4,nit V^C 

Features 

• Gut *r-t*ed l.ne.rit, 0 Ot\ m». 

• N'Orea Pvrlo.rv-jnc* .ne. Itt.ng .o'teg, to l.eg-ene, 

CO^etfO^ SPV'.Cit on$ 

• Sp!*| O' Supply Opr r ft'on 

• Operjiei on t-ngl* SV tupply 

• ht<U Output comp.t'ble w th *tl log c formt 

• C■ Client temper (t U re tt.hilitv JSOpcm/'Cm*. 

• Low power d n.ret.on. 1$mW typ.c»i *t *> V 


Th* LMI3t/LM?31llM33l ut'l./ei * new teenpe f ktu** 
COrv iwnuted band gap leleience circv'l to prov.d* 
tvcel.ent etu’l'i Over |h« lull Operating ternjwiy*u'# 
**ng*. *t power lupt 'rei *t low at 4 OV The prec>t«»n 
tim«r CnCu t hit low b.*l Current! wthout deg'adng 


• ft.de dyn,m< r,n tfr . lOOdB m.n «| ICkH/ Ipll K »'* 
V'tQuVOCV 

• ft de I*nge ot full tea'* tiegwency. 1 H i to IOC kM/ 

• Low con 



iut"* 1 (h T A^djt^^t mm to* 

FICUAC Simple Stand AJon* Volt*9* to frequency Ceninit 
with TO 0J\ Typ«*f Luw.nty (f • 10 Hj to It kHl) 


Figure A-7 


NATIONAL SEMICONDUCTOR : LM331 
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54/74123 

DUAL rlETRlGGERASLE 

resettable multivibrator 


DE SCmPTlON - Each ha l* cf the 123 features retnggerable cat ab.hty com- 
pigmentary dc level triggering an C Overnc.ng Greet Clear When a circuit 
is in the Quasi-stablo 'delay state, another lugger applied to the inputs 
'per the Truth Tabic v*Ji cause the do'ay period to sia't agam. without du- 
turbmgjha outputs Oy repeating this process, the Output pu'se pc'iod 'O 
HIGH o LOW. can be made as long as desired Alternatively a delay penod 
can be terminated at any time by a LOW signal on Cd which also inhibits 
t'.qgrrmg An internal connection from Co to the mpui gate makes <t possible 
to tr.gg-f the circuit by a pos.tive-go.ng signal on Co as shown in the Truth 
Table For timing capacitor values gicater than 1000 pF the output pulse 
wndth is defined as follows 

l. l 0?8 P*Ci «1 0 ♦ 0 7 n*i 
Whore t* is m ns. R» is in Ml and Ct is m pF 


OPPERING CODE: See Section 9 


CONNECTION DIA 
pinout a 


CRAW 


A 

• ! 

C H 

6 E 
0 E 
c< E 

». c. r? 
tv ofT 


IOGIC SYMBOL 



PIN 

COMMERCIAL GRADE 

MILITARY GRADE 


PKGS 

OUT 

Vcc -5 0 V r5N 

T* • 0 4 C to - ?0’C 

Vcc s <5 0 V : tos 

T* -55*C 10 t?5*C 

TYPE 

Plastic 

DIP (Pi 

A 

7AI?3PC 


98 

Ccram-c 
Dip iD 

A 

7^i?3DC 

54t?3DM 

6B 

F latpnk 
iF; 

A 

74123 FC 

54t23fM 

4L 


Kt?j 



Sill' 


<1 < 


Vcc » P.n l£ 
GNO - Pin a 


INPUT LOADING/FAN-OUT: See Section 3 to' U L definitions 


PIN NAMES 

DESCRIPTION 

S4/74 (U l.) 
HIGH/LOW 

AiAj 

Trigg it Inputs lAct've Falling Edge* 

1 0/1 0 

Bi D? 

M m 

Trigg, t Inputs 'Active Pis ng Edge' 

1 0/1 0 

Cdi. Cd? 

0 'ccf C'ear 'nputj 'Acir.c iCW 

2 0/2 0 

Or 0? 

Posit vf Pulse Output 

20/10 

0 - 6? 

Negative Pu'se Output 

2Q/10 



Figure A-8: NATIONAL SEMICONDUCTOR : 74LS123 



PC’ 1 



Figure A-9: 


NATIONAL SEMICONDUCTOR : 74LSI38 
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54S/74S240 ° 54LS/74LS240 
54S/74S241 ° 54LS/74LS241 
54LS/74LS244 

OCTAL BUFFER/LINE DRIVER 

(With 3-State Outputs* 


DESCRIPTION — The 240 241 and 244 are octal hole's ana line drivers 
gpsignea to be employes as memory address drivers c'ock drive's ana bus 
anrnU'd transmitt^rs/reccivcrs which provide improvtd PC Dca'd density 

• HYSTCRESIS AT INPUTS TO IMPROVE NOISE MARGINS 

• 3 STATE OUTPUTS DRIVE BUS LINES OR BUFFER 
MEMORY ADDRESS REGISTERS 

• OUTPUTS SINK 24 mA (741S) OR 40 mA(74S) 

• IS mA SOURCE CURRENT 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIBLE 

ORDERING CODE See Section 9 


PKGS 


PaSPC 

p»p P 


Cfjmi 

DIP 'O’ 


f:i 7 -an 

h 


PIN 

OUT 


U 

C 


COMMERCIAL GRADE 


Vcr. «S0 V ■ b'v 
Ta 0 C 10 -70 C 


7aS?J0PC 74LS2-I0PC 


;4s:4i pc 74ls?jipc 


741 S?44PG 


MILITARY GRADE 


V;t -5 0 V MOS 
T* -55 C lo •T25“C 


74S/40DC 741 S24„DC 


74S/410C 74LS?4iDC 


.•4LS244DC 


74S240FC. 74LS24CFC 


74S24 1FC 74LS24UC 


74 L S?4C C 


!4S:OOM i>4iS?40DM 


4S?4 I DM iJvS?4lDM 


i,4lSr44DM 


54 52407 M 64LS240FM 


54Sr4trM S4LSP41FM 


5UV44FM 


PKG 

TYPE 


02 


4E 


4F 


connection Diagrams 

Pi'.CUT A 


£7 




E 

E 

E 

E 

E 


r- 

, 


* >» 

»- 

* ’< 4 

• • 

4 ^3 • 


i\ * 

77 Ct 


t*c 


1L 

3 

CD 


pinout e 


ct ft —<r—j 
E^ i—* 


Gj 

0- 4—* 

ev 

E ^V 


f=k- 


-ct- 

pj h fr¬ 


it 

G s l“. 

□ \-T4- 


kj * 
"5 ot 


{3 

77 


3 

3 


pinout c 


67 [7 

E 

2 

[£ 

E 

E 

E 

E 

E 


p t~ i-O 

'l\U 

-JAu 

^ \ 


b 


-M- 


CD 


*« 

♦-» 

*j- 


» X 
• $ 




1 

input loading 

J---- 

FAN OUT Sec Section 9 



FIN NAMES 

description 

54/74 S (U L ) 

high/low 

54 74LS |U L ) 

HIGH LOV/ 

51 oe. 

3 St.n Ojir ut Enar.i'- aci.k t 0W* 

t 25'1 21 

0 5 0 25 

DL 

3-Slate Ou’pot Erab'e Ae’.c miGh 

t 25't 25 

05 0 25 


Inputs 

Outputs 

1 25 0 25 

75 40 

-30 

0 5 C 125 
- 75 15 

•7 S' 






Figure A-10: NATIONAL SEMICONDUCTOR : 74LS240 






































79 


54 L S/7 4 LS 245 

OCTAL BUS TRANSCEIVER 

• With 3-St3tc Outputs) 


CONNECTION CAG'-U 

PiNOuT A 


DESCRIPTION - The IS?*5 *s «n octal tus lransm,t!er/receiver ces'gn e j 
'0- C-iir>e asynchronous ?-wsy data communication between da’a busses 
Direction input 'DRi controls transmiccion ot data from bus A to bus B or bus 
B *0 bus A depend,ng upon its logic level The EnaCe mp u t E' can be used 
lo isolate the bus«os 


• HYSTERESIS INPUTS TO IMPROVE NOISE IMMUNITY 

• J WAY ASYNCHRONOUS DATA DUS COMMUNICATION 

• INPUT DIODES LIMIT HICH SPEED TERMINATION EFFECTS 

• FULLY TTL AND CMOS COMPATIOlE 


ORDERING CODE: Seo faction 9 



PIN 

COMMERCIAL GRADE 

MILITARY GRADE 

pkg 

PKGS 

OUT 

Vcc - ‘SO V iSS 

T* = 0*C to « 70*C 

Vcc * ‘5 0 V HOS 

T* *• -55*C to *125*0 

TYPE 

Plastic 

DIP Pi 

A 

74LS?<5PC 


8Z 

Ceramic 
DIP O' 

A 

741S245DC 

541S245DM 

4E 

Flfltf Ok 
iFr 

A 

74LSJ45FC 

541S?*5F M 

4P 


INPUT LOADING/FAN-OUT: See Section 3 for U L definitions 


PINS 


Inputs 

Outputs 


54-74LS (U L ) 
HlG“'LOW 


05 0 i?5 
75/15 
<7 5i 


OB) 

A 

A 








rO- 




4 

*' [T -r-C=tT~' J TV t__ “ I 


c**o Q3 


TRUTH TABLE 


INPUTS 

OUTPUT 

R 

DR 

■ 

|| 

Bus 6 Oata to Bus A 

m 


Bus A Data to Bus B 

9 

n 

'sda'ion 


M • miG m VC n » 8« l#*# 1 
l • iC w vc<n;t i»*«' 
a • i •+ 



l i 


Figure A-ll: 


NATIONAL SEMICONDUCTOR 


74LS24S 
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UCt:-<2C2A AND UCU-42CEA 
STEPPER-MOTOR TRAILSLA't OHS 



T"\ESIGNED TO DRIVE permanent-magnet stcp- 
per motors v.iih current ratings of up to 
500 mA, these integrated circuits emplo) a full-step, 
double-pulse dri\ e scheme that allows use of up to 90 
percent of available motor torque. The two devices 
diffej onl) in output-voltage ratings: Type UCN- 
4202A has a 20 V breakdown-voltage rating and a 
15 V sustaining voltage rating: Type UCN-4203A 
has a 50 \ breakdown-soilage rating ar.d a 35.V 
sustaining voltage rating. 

Both drivers are bipolar l*’L designs containing 
approximately 100 logic gates, TTL-compatible 
input/output circuitry, and 600 mA outputs with 
internal transient suppressors The devices operate 
with a minimum of external components. 

The four-phase stepper-motor load is controlled by 
step logic functions. To step the load from one posi¬ 
tion te the next, STEP INPUT is pulled down to a 
logic low for at least I ps. then allowed to return to a 
logic high The step logic is activated on the 
positive-going edge, which in turn activates one of 
the four current-sink outputs DIRECTION CON¬ 
TROL determines the sequence of states (A-B-C-D 
or A-D-C-Bi. 

In the full-step mode, the MONOSTABLE RC 
timing pin is lied to V,,, making states B and D 
stationary. A separate input pulse is required to mov e 
through eac) of the four output states 

In the double-step mode, states B and D are transi¬ 
tion states with duration determined by MONOST¬ 
ABLE RC timing. Improved motor torque is ob¬ 
tained at double the nominal motor step angle, and 
motor stability is improved for high step rates. 

Higher current ratings, or bipolar operation, can 
be obtained by using Type UCN-4202A or LCN- 
4203A as a logic translator to drive integrated motor 
drivers (Sprague Type UDN-2949Z or L DN- 
2952B /W) or discrete high-power transistors. 


L" - - ■ -- - — 

a Penn Central un 


FEATURES 

• 600 mA Output Current 

• Full-Step o' Double-Step Operation 

• Single Input Direction Crtrol 
. •Power-On Reset 

• Interna’ Transient Suppression 

• Schm'V Tf.'gprr Irnrts 




Figure A-13: 


SPRAGUE : UCN-4203A 






UDM-29522 AMD UDM-2952W 
FULL-BRIDGE MOTOR DRIVERS 


FEATURES 

• High Output Cjrrent 

• Adjustable Short-Circuit Protection 

• Thermal Protection 

• Internal Clamp Diodes 

• TTL. DTL PV.OS. CMOS Compatible 

• DIP or SiP Packaging 


pULL-BRIDGE MOTOR-DRIVER integrated 
1 circuits. Types UDN-2952B and UDN-2952W 
combine low-level logic circuitry and Darlington 
output power drivers for bidirectional control of d-c 
motors or solenoids operating with continuous load 
currents of up to 2A and peak start-up currents as 
high as 3.5 A. 

For applications requiring load currents of IA or 
less (2 A peak), the economical Type UDN-2952B-2 
and UDN-2952W-2 are recommended. The lower- 
cost devices are identical to the basic parts, except 
for the maximum allowable load-current rating. 

Th ese monolithic integrated circuits have exten¬ 
sive circuit protection. Both drivers have thermal 
shutdown networks that disable motor drive if the 
package power dissipation ratings are exceeded. In¬ 
ternal diode transient suppression is provided on- 
chip. Output-current limiting is determined by the 
user's selection of a sensing resistor. 

The Type UDN-2952B full-bridge power driver is 
supplied in a I ft-pin dual in-line plastic package w ith 
copper heat-sink contact tabs. The lead configura¬ 
tion enables easy attachment of a heat sink while 
fitting a standard integrated circuit socket or printed 
wiring board layout. Type UDN-2952W. for higher 
power requirements, is in a 12-pin single in-line 
power tab package. The lab is at ground potential 
and needs no insulation. For ouiput currents above 
700 mA at normal ambient temperatures, both driv¬ 
ers require an external heat sink. 
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SPRAGUE : UDN-2952W 
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APPENDIX B 


B.l I/O BUS SPECIFICATIONS 


HARWARE FREATURE 

- External power supply connection 

- Directly connected to the data bus 

- Addressable I/O block 

- Up to 8 I/O interface modules to be connected 
INPUT SPECIFICATIONS 

- Fully buffered data bus. TTL compatible 

- External power supply 5 VDC -5% to +51 

- Interrupt, reset input signal available 
OUTPUT SPECIFICATIONS 

- 8 selectable I/O range via minijumper 


- TTL compatible 

02, R/w signals available 

B•2 UNIVERSAL INTERFACE MODULE 


HARDWARE FEATURES 

- Eight opto-isolated digital monitoring channel 

- Eight forms A relay outputs 

% 

- On-board transient protection circuitry 
INPUT SPECIFICATIONS 

- Eight opto-isolated digital input channels 

- Minimum input isolation : 300 volts 

- Maximum continuous input voltage : 24 volts 

- Two opto-isolated handshake input signals 

- Minimum input isolation : 300 volts 

- Maximum input voltage : 5 volts 

OUTPUT SPECIFICATIONS 

- Maximum switching : 30 volts DC or 120 volts AC 


0.5 amperes 



NM I 



Figure B-l I/O BUS EXPANSION MODULE 
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10 VA resistive 
Minimum isolation : 300 volts 

transient protectors (Tranzorbs) 
provided for reactive loads 
‘Wo °Pto-isolated handshake output signals 
- Minimum isolation : 300 volts 

Maximum switching voltage : 30 volts DC (100 mA) 


B.3 STEPPER MOTOR INTERFACE (INPUTS) 

HARDWARE FEATURES 

- 16 opto-isolated digital monitoring channels 

- TTL compatible 

- On-board transient protection circuitry 
INPUT SPECIFICATIONS 

- 16 opto-isolated digital input channels 

- Minimum input isolation : 300 volts 

- Maximum continuous input voltage : 24 volts 
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Figure B-4: UNIVERSAL INTERFACE SPECIFICATION 

























































Minimum input voltage 


: 0 volts 


B.4 STEPPER MOTOR INTERFACE (OUTPUTS) 

N 

HARDWARE FEATURES 

- 16 Binary output channels 

- TTL compatible 

OUTPUT SPECIFICATIONS 

- Maximum switching : 30 volts DC 

100 mA 

- Minimum isolation : 300 volts 

B.5 DC MOTOR INTERFACE MODULE 

HARDWARE FEATURES 

- Eight analog output channels 

- Seven bits resolution 

- Industry standard voltage or current input 

- On-board transient protection circuitry 
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STEPPER INTERFACE SPECIFICATION 





























































































Optically Isolated Interface 
between processor and driver modules 

\ 

OUTPUT SPECIFICATIONS 
isolated output channels 

Output ranges : 0 to Vpp (up to 28 VDC) 

- Resolution : 7 -bits binary 

Accuracy : relative -1/4 or +1/4 LSB 

fullscale -1 or +1 LSB 
Zero error -1 or +1 LSB 

- Power Supply Range : Vcc = 5 VDC, Vpp = 5 to 30 VDC 

- Compliance Voltage : (power supply voltage) -10 volt 


Isolation 


: 300 volts 



Figure B'9 : 


DC MOTOR INTERFACE MODULE 
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B.6 ANALOG INPUTS INTERFACE MODULE 

HARDWARE FREATURES 

Twc groups of 8 single-ended analog monitoring channels 

- Seven bit resolution 

Industry standard voltage or current input 

Integrating inputs for optimum power line noise rejection 

- Each channel converted every 400 microseconds 

- On-board transient protection circuitry 

- Optically Isolated Interface 

between processor and analog to digital converter DAS-952R 

INPUT SPECIFICATIONS 

- 16 single-ended input channels 
~ Input range : 0-5 VDC, 0-20mA 

- Resolution : 8-bits binary 

- Accuracy : 7-bits binary 

- Temperature Coefficient of Accuracy 

Voltage Range : -0.003% or +0.003% per Degree C : 


Current Range : -0.008% per Degree C 



Common Mode Rejection Ratio : 86 dB 
Voltage Input Configuration 
maximum common mode input voltage : 

5 volts for maximum accuracy 
30 volts without damage 

B• 7 STEPPER MOTOR DRIVER MODULE A/B 

HARDWARE FEATURES 

- Programmable stepping rate 
~ Fullwave drive 

~ Module A for bipolar drive 

- Module B for unipolar chopper drive 
~ Up to 0.5 A per phase 

“ Up to 30 VDC supply 

- On board protection circuitry 

INPUT SPECIFICATIONS 

- TTL compatible inputs 


- External power supply up to 30 VDC 
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OUTPUT SPECIFICATIONS 


module A : up to 0.5 A per phase 

- module B : up to 0.5 A per phase 

- chopper output voltage available 

B.8 DC MOTOR DRIVER MODULE 


HARDWARE FEATURES 

- Programmable speed range 

- Current feedback for stability 

- Dynamic braking 

- Motorjam detection 

- On board protection circuitry 

- Up to 5 A surge current 

- Stop and start operation 

INPUT SPECIFICATIONS 

- Analog input for speed control (0 to 30 VDC) 

- External power supply up to 30 VDC 


stepp in g rate 

adjust 



FigureB-13; STEPPER MOTOR DRIVER MODULE A 












Figure B -15 


STEPPER DRIVE SPECIFICATION A 
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Figure B-16 


STEPPER DRIVE SPECIFICATION B 

















































T*L compatible control input 
OUTPUT SPECIFICATIONS 

- Up to 5A/30 VDC 

\ 

TTL compatible motor jammed output 

B.9 SPEED SENSING MODULE 


HARDWARE FEATURES 

- To be used with photo sensing or 
hall effect sensing 

- Dynamic threshold control 

- Adjustable frequency input range 

- Adjustable output voltage range 

- TTL compatible 

- Frequency output 

INPUT SPECIFICATIONS 

- Analog input : 0-5 VDC 


- Common mode rejection radio : 86 dB 
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Figure g-Til DC MOTOR DRIVE SPECIFICATION 
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Maximum frequency range : 5 |<H 

“ Minimum frequency range : 0 HZ 

OUTPUT SPECIFICATIONS 

- Analog output : 0-5 VDC, 0-20 mA 


B.10 INPUT CONDITIONING MODULE 

HARDWARE FEATURE 

- AC or DC measurements 

- Full wave rectified AC inputs 

- Scaling for high input voltages 

- On board transient protection 

INPUT SPECIFICATIONS 

- Analog input : 0-30 V (AC or DC 

- Common mode rejection ratio : 86 dB 

OUTPUT SPECIFICATIONS 


- Analog output : 0-5 VDC, 0-20 mA 





































INPUT CONDITIONNING 



Figure B-2 1: INPUT CONDITIONING MODULE 
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